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IDENTIFYING THE ESTHETICALLY OPTIMAL AP POSTION 
OF MAXILLARY INCISORS IN CAUCASIAN FEMALES 
MacKenzie Boyles-Horan, D.D.S. 
 
Background and Objectives: The majority of orthodontists routinely evaluate the amount of 
maxillary incisor display from a frontal perspective, however they do not regularly evaluate a 
patient’s smiling profile with the teeth visible when diagnosing and treatment planning.  This 
study uses the facial plane Glabella Vertical, a vertical line tangent to the subject’s soft glabella, 
to classify the maxilla’s AP position.  The purpose of this study is to determine if there is a 
difference in perceived attractiveness between smiling and repose facial profiles and to identify 
if there is an esthetically optimal AP position of the maxillary incisors in Caucasian females.  
 
Experimental Design and Methods: A sample of 30 young adult Caucasian females were 
positioned in adjusted natural head position and a repose profile photograph and a smiling profile 
photograph were taken with a millimeter ruler aligned with the subject’s midsagittal plane. The 
photographs were uploaded to Microsoft PowerPoint
TM
 and the distance from the subject’s 
Glabella Vertical plane and FA point of the maxillary incisor was measured. Six male and 6 
female orthodontic faculty/residents and 10 male and 10 female non-orthodontic professionals 
rated the facial attractiveness of the subjects using a visual analog scale. The data was analyzed 
using Tukey’s test for multiple comparisons, ANOVA, and chi-square analysis.  
 
Results: There was a statistically significant (p<0.05) difference in perceived attractiveness of 
repose and smiling profiles in half of the photographed subjects.  The subjects with maxillary 
incisors that lie on Glabella Vertical were rated by orthodontists statistically significantly 
(p<0.05) more attractive than subjects with maxillary incisors postioned anterior or posterior to 
Glabella Vertical. Subjects with incisors that lie on Glabella Vertical or posterior to Glabella 
Vertical were rated statistically significantly (p<0.05) more attractive by non-orthodontists than 
subjects with maxillary incisors positioned anterior to Glabella Vertical.  
 
Conclusions: In some Caucasian females there is a significant difference in perceived 
attractiveness of repose and smiling profiles.  Orthodontists rate maxillary incisors that lie on 
Glabella Vertical significantly more attractive than maxillary incisors that lie anterior or 
posterior to Glabella Vertical.  Non-orthodontists rate maxillary incisors that lie on Glabella 
Vertical or lie posterior to Glabella Vertical more attractive than maxillary incisors that are 
positioned anterior to Glabella Vertical.   Non-orthodontists appear to be more tolerant of 
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CHAPTER 1: INTRODUCTION 
 
BACKGROUND & SIGNIFICANCE 
Evaluating the smiling profile should be a fundamental part of obtaining a complete orthodontic 
diagnosis.
1
  The soft tissue profile has been studied in abundance. However, there have not been 
many studies completed to evaluate the esthetics of the smiling profile.  Most orthodontists do 
not routinely assess the relationship of the maxillary incisors directly to a facial landmark from a 
smiling profile perspective.
1
  Sarver and Ackerman suggest that in order to treat smiles, 
orthodontists need to visualize and quantify the smile statically and dynamically.  They 
recommend that records include profile and oblique and frontal smile close-ups.
2, 3
  The ultimate 
position of the anterior teeth has a significant influence on the relationship of the lips and to the 
facial structure as a whole.  The maxillary incisors should be angulated and also positioned most 
favorably in anterior-posterior and vertical relationships to all facial structures to ensure 
maximum facial harmony.
4 
Numerous soft tissue analyses have been developed to evaluate the esthetics of the soft tissue 
lips from a profile prospective.  These analyses commonly determine the optimal position of the 
upper and lower lips relative to the subject’s soft tissue chin and nose.  Rickett’s esthetic plane 
and the esthetic line of Steiner are widely used by orthodontists during the diagnosis and 
treatment planning phase of treatment. However, these analyses do not assess the soft tissue from 
an AP position when the dentition is displayed.   
Dr. Larry Andrews has discovered the use of the forehead as a landmark for assessing the AP 
position of the maxillary central incisors in the smiling profile.
5
  Treatment goals for adult white 
2 
 
females should include that the maxillary central incisors be positioned somewhere between the 
forehead’s FFA point and glabella and correlated with forehead inclination.
1 
 
 Andrews defined GALL (goal anterior limit line) as a line that parallels the head’s frontal plane 
and represents the optimal anterior border for the FA point of an Element I maxillary incisor.
5
  A 
study conducted by Tomblyn found that it is comparable or better to use Glabella Vertical, a 
vertical line tangent to soft tissue glabella, as a frontal plane compared to FALL.
6
 
Additionally, there are currently no standard guidelines in which orthodontists and surgeons 
agree on when determining the optimal AP position of the maxilla when performing orthognathic 
surgeries.  For example, Posnick stated that the optimal AP position of the maxilla is a range of 
what is considered proportionate and esthetic, not an exact millimeter number.
7
  Arnett 
commonly evaluates the patient’s profile angle, nasiolabial angle, and maxillary sulcus contour 
when treatment planning maxillary orthognathic surgery.
8,9
 
When comparing the esthetic opinions of orthodontic professionals and lay people, it has been 
determined that orthodontic professionals can sometimes be more critical of facial and smile 
esthetics.
10
  It is also important to be aware that cultural and ethnic differences play a role in 
what a person or population consider esthetic.
11
 
There have been no studies that have compared the esthetics of subjects from a lateral 
perspective in repose and smiling.   
 
STATEMENT OF THE PROBLEM 
Contemporary orthodontic diagnosis and treatment planning does not routinely consist of 
evaluating the maxillary incisors from a smiling profile prospective. There may be a difference in 
perceived attractiveness between repose and smiling faces.  Additionally, there is no current 
3 
 
research that identifies the esthetically optimal AP position of the maxillary incisors relative to 
Glabella Vertical in Caucasian females.  
 
PURPOSE OF THE STUDY 
1. To determine if there is a difference in the rated attractiveness of a smiling and repose 
profile in Caucasian females.  
2. To identify if there is an esthetically optimal AP position of the maxillary incisors in 
Caucasian females.  
 
NULL HYPOTHESIS  
1. There is no difference in the judged attractiveness between Caucasian females based on 
smiling profiles versus repose profiles. 
2. There is no difference in the AP position of maxillary incisors among most attractively 
and less attractively rated Caucasian female profiles. 
 
ALTERNATIVE HYPOTHESIS 
1. There is a difference in the judged attractiveness between Caucasian female smiling 
profiles and repose profiles. 
2. There is a difference in the AP position of maxillary incisors among most attractively and 
less attractively rated Caucasian female profiles. 
 
ASSUMPTIONS 
1. The investigator can reliably position subjects in adjusted natural head posture. 
2. Randomly selected subjects and judges are an adequate representation of the Caucasian 
female population (i.e., inferential statistics).  
4 
 
3. Age has not compromised facial esthetics of study group. 
4. Gray-scale images may minimize the influence of other facial features such as 
complexion and hair color on perceived attractiveness. 
 
LIMITATIONS 




1. The majority of randomly chosen raters will be young adults. 
2. The majority of faculty and orthodontic residents have been trained to evaluate the AP 
position of the maxillary incisors.  
 
 
CHAPTER 2: REVIEW OF THE LITERATURE 
 
FACIAL ESTHETICS 
When trying to determine the esthetically optimal anteroposterior position of the maxillary 
incisors it is important to understand facial esthetics as a whole. The face is perceived as the 
most important physical characteristic in the development of self-image and self-esteem.  People 
who are satisfied with their faces appear to be more self-confident and have higher self-esteem 
than those who are dissatisfied.
12
  It has been discovered by many researchers that improving 
dental esthetics is the main motivational factor for undergoing orthodontic treatment .
13, 14
  Most 
people view orthodontic treatment as a way to improve their dentofacial appearance.
15 
The facial profile as depicted by artists has strongly influenced plastic surgeons and their creative 
ability to rebuild a severely damaged face and correct congenital facial defects.
16
  Farkas and 
5 
 
colleagues completed a study in which they compared basic profile inclinations in young 
Caucasian women to the profile inclinations from sculptures and sketches throughout history.
16
 
They found that the majority of Ancient art pieces had receding profiles with receding upper face 
and upper lip.  Renaissance art displayed milder recession of the lower face, while modern art 
exhibited an almost vertical profile with a protruding upper lip.
16 
Cosmetic dentists have long been interested in understanding smile esthetics.  A panel of 
orthodontists, plastic surgeons, artists and general dentists found that patients with class I 
occlusion with or without extractions had no evaluated difference in rated smile esthetics.
17
  
Additionally, maxillary gingival display and position of the anterior teeth had a definite effect on 
smile esthetics.
17
  Prosthodontists are also aware of the influence the dentition has on the soft 
tissue profile.  The presence of anterior artificial teeth affects the contour of the lips and nose.  
Prosthodontists frequently evaluate the nasiolabial angle and Rickett’s esthetic plane when 
examining the soft tissue profile.
18
  
Orthodontists have long been fascinated by the perceptions of a balanced profile.   In 1970, Peck 
and Peck stated that the orthodontic community had largely neglected to study the public’s 
esthetic viewpoint.  They also referred to the lateral profile view as the most significant aspect of 
the face orthodontically.
19 
 Another study found that if the soft tissue profile is digitally morphed 
to be average the subjects are rated as more attractive.
20
  Studies have constructed various profile 
silhouettes and found excessive lip protrusion acceptable in males and females when there is 
either a large nose or large chin present.
21
  Profit also explained that an upper lip that inclines 
backward relative to the true vertical line, as a result of retraction of the maxillary incisors, tends 
to compromise facial esthetics. Additionally, a poorly-defined labiomental sulcus can detract 
from facial esthetics when lip strain is required to bring the lips together.
22
  Facial esthetics 
6 
 
should have a higher priority in the treatment planning process, and should be evaluated early in 
the treatment planning process.
20
 
CONVENTIAL SOFT TISSUE ANALYSES  
Multiple soft tissue analyses have been developed to help determine facial harmony in various 
patients. Robert Ricketts developed the Esthetic plane or E-plane in 1960.  The esthetic plane 
runs from the tip of the nose to the soft tissue pogonion.
23
  The upper lip should lay 4mm 
posterior to the E-plane and the lower lip should lay 2mm posterior to the E-plane. When the lips 
protrude ahead of these dimensions they have been perceived as creating facial disharmony.
23
 
Cecil Steiner established the esthetic plane of Steiner, or S-line, which is a line connecting the 
midpoint of columella to soft tissue pogonion.  According to Steiner, the lips should fall on this 
line.  Deviation from this line is considered protrusion or retrusion of the upper and lower lips.
24
 
                                                        
Figure 1: Ricketts’ E-plane (left) and Steiner’s S-line (right). 
In 1981 Reed Holdaway stated that most orthodontists have had the unpleasant experience of 
finding that some patient’s faces looked worse after orthodontic treatment was completed.  His 
soft tissue analysis included a measurement for the superior sulcus depth, which was measured 
7 
 
from a line perpendicular to Frankfort Horizontal and tangent to the vermillion border of the 
upper lip.
25
  Holdaway suggested a range from 1-4mm with 3mm being ideal.  Utilizing this 




SKELETAL DIAGNOSIS USING SOFT TISSUE 
Research has shown that for most orthodontic treatment planning decisions the availability of a 
lateral cephalometric radiograph and tracing did not make a significant difference to the eventual 
treatment decision.
26
  In 1982, Fields discovered that soft tissue outlines from profile 
radiographs, with or without supplementary photographs, do not provide enough information to 
reliably assess the underlying skeletal pattern in children 8 and 12 years old.
27
  Additionally, 
prognathic patterns were not as readily identified as retrognathic patterns.
27
  With the recent 
concerns with ionizing radiation and radiographic exposure guidelines, Masoud proposed using 
dentofacial photogrammetry instead of cephalometric radiography and using the eyes as a 
reference instead of the cranial base structures.
28
 Important treatment planning decisions, such as 
extractions and orthognathic surgery, were found to have substantial agreement between the 
traditional cephalometric and photogrammetry methods.
28
  It has been suggested that 3D 
dentofacial photogrammetry in conjunction with a panoramic radiograph can eliminate the need 
for a cephalometric radiograph in cases with crowding or spacing and a near Class I occlusion.
28
  
SIX ELEMENTS ORTHODONTIC PHILOSOPHY  
Larry Andrews developed The Six Elements Orthodontic Philosophy in the 1980’s.  The Six 
Elements Orthodontic Philosophy is a comprehensive approach to orthodontics which includes 





  This philosophy utilizes specific goals, objects, landmarks, and referents to 
achieve optimal diagnosis and outcomes.  The six elements include: (I) optimal tooth and arch 
characteristics, (II) optimal AP jaw positions, (III) optimal jaw widths, (IV) optimal jaw heights, 
(V) optimal chin prominence, and (VI) optimal occlusion. This classification system does not use 
cephalometric norms to diagnosis and treatment plan.
5
  The Six Elements Philosophy includes 
evaluating the lateral smiling profile, which has been described as a paradigm shift from the 
traditional soft tissue analysis (Andrews).
5
  
In Element I, the root end of each tooth’s long axis is centered over basal bone from a 
parasagittal jaw perspective and each crown is inclined so that occlusion can be optimal.
5
  
According a study completed by Andrews where he evaluated 120 casts of naturally optimal 
occlusion, he discovered the maxillary inclination was on average positive 7 degrees in reference 
to the occlusal plane.
29
 
To expand on Element II, the objective of this Element is to evaluate the anteroposterior position 
of the maxillary and mandibular jaws.
30
  The forehead anterior limit line (FALL) and goal 
anterior limit line (GALL) are reference planes that are used to evaluate the anteroposterior 
position of the maxillary incisors from a smiling profile prospective.  GALL is determined by the 
forehead shape and inclination.
30 
 The forehead can be classified as round, straight or angular.  
There are three references points of the forehead that should be identified.  They are trichion (the 
junction of the forehead and the anterior hairline), superion (the most superior aspect of the 
clinical forehead), and glabella (the most anterior projection of the anterior forehead).
7
  The 
previously mentioned three points are then used to locate the forehead anterior point (FFA point), 
which is the midpoint between the superion and glabella.  FALL is vertical reference plane that 
runs through the FFA point and is perpendicular to the floor when the patient is positioned in 
9 
 
natural head posture. Additionally, GALL is determined by incorporating forehead inclination.  
The formula used is to determine the location of GALL in reference to FALL is (forehead 
inclination angle – 7) x 0.6 = ____ mm.
7
  Once GALL is established the anteroposterior position 
of maxilla and mandible can be evaluated. .  An optimal Element II maxilla requires the FA point 
(the point on the facial axis of the clinical crown that is midway between the gingival and 
occlusal borders) of an Element I maxillary central incisor lie on GALL.
30
 
The maxilla can be classified as black (retrognathic), green (orthognathic), or red (prognathic) by 
measuring the distance from the FA point of an Element I maxillary incisor to the GALL.  
Mandibular AP Position is optimal when in centric relation the mandibular incisors are Element I 
and occlude optimally with Element I maxillary incisors of an optimal Element II maxilla.
30
 
                                     
Figure 2: Andrew’s Element II.
30
 
 When the FA point of the Element I maxillary incisor lies on the GALL the maxilla is classified 
as green (orthognathic). To expand, if the FA point of the Element I  maxillary incisor is 4 
millimeters anterior to GALL, the patient’s maxilla is categorized as R4 (prognathic) and if the 
10 
 
FA point of the Element I maxillary incisor is 2 millimeters posterior to GALL the patient is 
categorized as B2 (retrognathic).  
SMILING PROFILE 
Smiling esthetics, especially frontal smiling esthetics has been comprehensively studied. 
However, there are only a limited number of studies that evaluated the esthetics of the smiling 
profile.  Saver and Ackerman acknowledged that the smile should not only be viewed from a 
frontal view, but the smile should also be analyzed by the lateral view.  Both frontal and lateral 
perspectives have a significant role in smile composition.
2, 3
  Overjet and incisor inclination are 
best viewed in the sagittal dimension. It is very important for orthodontists to analyze the smile 
from a lateral perspective because excessive positive overjet is one of the dental traits most 
recognizable by the lay person.
2, 3
  Cao stated that evaluating the smiling profile is a fundamental 
part of a comprehensive orthodontic diagnosis.
31
  Treatment planning to a dynamic smiling 
profile is more aesthetic in nature than treatment planning to a repose profile.
32
  It is important to 




The American Board of Orthodontists does not currently require a lateral smiling photograph as 
part of their requirements for orthodontic records.  
The maxillary incisors should be inclined and also positioned most favorably in anterior-
posterior and vertical relationships to all facial structures to ensure maximum facial harmony.
4
  
Numerous studies have compared the most esthetic inclination of the maxillary incisors. One 
study found that incisors with inclination above normal standard values were considered more 
esthetic.
33
  However, the results of another study revealed that maxillary incisors that are upright 
11 
 
or have slight lingual inclinations were preferred.
31 
                                       
 
Figure 3: Various maxillary incisor inclinations.
31
 
Therefore, there have been conflicting results on the optimal inclination of the maxillary incisors 
from a lateral perspective.  
Will Andrews suggested that since the incisors are considered part of the face, the orthodontist 
should evaluate the facial profile with maxillary incisors bared.  He studied photographs of adult 
white females with good facial harmony and found that in white females with harmonious 
profiles the maxillary incisors were positioned between the Forehead’s Facial Axis Point (the 
midpoint of the clinical forehead) and soft tissue glabella in 93% of the sample.
1
  He concluded 
that the forehead is an important landmark for AP maxillary incisor positioning in adult white 
females.
1
  Andrews also stated that there is no reliable correlation between the nasiolabial angle 
and the position of the maxillary incisors in a profile view.
1 
 
One study used the computer to digitally move the location of the maxillary incisors forward and 
backward in 1mm increments.
34
  Orthodontist and non-orthodontists scored the attractiveness of 
the photographs using a visual analog scale.  Photographs in which the incisors were maximally 
retracted were rated the least desirable, which suggests it is not esthetically desirable to retract 
12 
 
the maxillary anterior teeth.
34
  The study also concluded that Andrew’s Element II is a good 




A study by Ellis in 2017 used the computer to digitally alter the AP position of the soft tissue 
glabella.
35
  The original, unaltered photographs with the maxillary incisors anterior to the soft 
tissue glabella were perceived as most attractive.  The photographs with the most extreme 
anterior movement of the soft tissue glabella (6mm) were judged as least attractive.
35
  This study 
suggests that changes in the position of the soft tissue glabella can impact the appreciation of 
facial attractiveness.
35
  Additionally, these results do not support the proposal that maxillary 
incisors should not be positioned anterior to the soft tissue glabella.
35
   
The term Glabella Vertical was first defined in unpublished research by Tomblyn.
6
  Glabella 
Vertical is a frontal reference plane that can be used to locate GALL, the goal anterior limit line. 
Glabella Vertical is a line that parallels the head’s frontal plane in Natural Head Orientation and 
passes through the soft tissue glabella point.
6
  This study revealed that GALL is located -1mm to 
0mm from glabella in 95% of the population.
6
  Therefore, it has been proposed that Glabella 
Vertical can be used in place of FALL, the Forehead’s Anterior-Limit Line, which passes through 
the Forehead’s Facial Axis point, FFA.
6
  Using Glabella Vertical as the facial plane to determine 
the AP position of the maxillary incisors differs from the traditional Six Elements Orthodontic 




                                                   
Figure 4: Glabella Vertical.
6 
 
SURGICAL TREATMENT PLANNING OF MAXILLA 
The bite indicates a problem; the face indicates how to treat it.
8, 9
  Many oral surgeons have 
explained that reliance on cephalometric analysis alone during treatment planning can sometimes 
lead to esthetic problems and the final outcomes can be less than desired.
8,9
  Posnick stated that 
the “ideal” aesthetic horizontal position of the maxilla is not an exact millimeter number, but a 
narrow range of what is considered proportionate.
7
  Normative cephalometric measurements, 
such as ANB, generally underestimate the desired horizontal aesthetic projection of the maxilla 
and should not be relied upon.
7
   
Arnett commonly assesses the patient’s profile angle, nasiolabial angle, and maxillary sulcus 
contour when treatment planning maxillary orthognathic surgery.
8, 9
 The profile angle, which is 
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formed by connecting the soft tissue glabella, subnasle, and soft tissue pogonion, should be 
between 165° to 175°.8, 9  Surgical procedures should be completed to address an imbalance that 
does not fall in this range.  The nasiolabial angle, formed by the intersection of the upper lip 
anterior and columella at subnasle should be 85° to 105°.
8, 9
  If the nasiolabial angle is obtuse 
retraction of the anterior dentition orthodontically or surgically should be avoided.  Finally, the 
maxillary sulcus contour should be gently curved.
8,9
  
                
Figure 5: Profile angle (left), nasiolabial angle (middle), maxillary sulcus (right).
8, 9 
NATURAL HEAD POSTURE 
Natural head posture (NHP) is the usual, balanced position of the head which is adopted for 
viewing the horizon or an object at eye level.
36
  NHP is determined by many physiological 
factors such as visual righting reflexes, reflexes initiated by earth’s gravity and muscular 
proprioceptive stimuli, personality, and emotions.
36
  NHP is a physiological position and can be 
considered to represent the aesthetic and functional anatomic form of the craniofacial complex.
36
  
Moorees concluded that the vertical, or a horizontal perpendicular to it, is preferable to reference 
lines within the cranium, because the biological variation of intracranial lines is greater than the 





NHP reproducibility refers to how consistently a subject can reproduce the same head position 
on different occasions. Peng found NHP to have 1.8° variance with 5-10 minute 
reproducibility.
38
  Studies have shown the variance of NHP after five years to be approximately 
3°, which is significantly less than the variance of intracranial reference planes.
38, 39 
 Therefore, 
cephalometric analyses utilizing NHP remain valid over time.  
VISUAL ANALOG SCALE 
Visual analog scale (VAS) is one of the most popular and widely used methods to assess esthetic 
concepts.
10
  It has been used in numerous published studies to evaluate profiles, faces, and tooth 
positions.  One of the major advantages of VAS is that it is relatively simple and inexpensive.
10
  
Futhermore, it has been suggested to rank the photographs for each rater, instead of using the 
number measured on the VAS, this will provide a “location-free” measure of facial 
attractiveness.
10
  A recent study concluded that VAS is a reliable method to use when dentists, 
orthodontists, and lay people evaluate the attractiveness of photographs of teeth and lips.
41
  
Ranking photographs as judged by clinicians and non-clinicians can be used as a standard against 
which facial attractiveness can be assessed.
42
  
EXTRACTION VERSUS NON-EXTRACTION 
Numerous studies have been completed that compare the esthetic effect of extraction and non-
extraction treatment on the soft tissue profile.  The relative contraindications for extraction 
treatment are deep bite, horizontal growth type, concave lip profile and prominence of the nose.
43
  
Bowman and Lysle randomly studied the pre and posttreatment profiles of extraction and non-
extraction Caucasian patients.  Their sampled showed a “flatter” profile by an average of 1.8mm 





Research has also shown no significant soft tissue profile differences were found between 
extraction and non-extraction patients when the patients were initially treated to the same incisor 
position.
45
 Additional research has suggested that in most extraction cases the lip profile becomes 
more concave than in non-extraction patients.  However, in most cases the amount of retraction 
of the lips is small and clinically irrelevant.
43
 
VARIABILITIES IN RATED ATTRACTIVENESS 
Multiple studies have shown that dentists tend to be more sensitive in their judgement of facial 
attractiveness than lay persons.
10, 19, 20, 46
  This may be due the dentists’ educational background, 
training, and knowledge of facial impairments.
46 
 However, additional studies have also revealed 
agreement in the judgement of facial attractiveness between lay judges and clinicians.
42
  Lay 
judges may tend to concentrate on other extrinsic facial features such as chin shape and size, 
shape of the nose, hair color and style, etc., which can influence the perception of 
attractiveness.
47
  Interestingly, adolescents have been shown to be more tolerant of variations of 
facial profile when compared to adults.
46
  
Ethnic and racial differences play a major role in diversifying esthetic preferences.
11
  An 
objective for the orthodontist should be to treat to ideal; however, the expectations of the patient 
must be considered because ideals of esthetic profiles may vary.
48
  Several factors such as sex, 
education, socioeconomic status, and geographic location affect the esthetic preferences of the 
public.
11
  One of the main objects of orthodontic treatment is to improve patient’s appearance.  In 
order to be successful at this, orthodontists need to understand what the patient perceives to be 
attractive.   
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Turkkahraman studied the judged attractiveness of males and females and found that fuller and 
more protrusive lips were judged more attractive in females and retrusive lips with a prominent 
nose and chin were more admired in males.
11
  It has also been noted that people’s own profiles 
can affect his or her profile preferences.
11
  One study found that attractive Caucasian models on 
average had a straighter profile, while the African American models commonly had fuller, more 
prominent lips.
49
  Hall found that African American and white orthodontists and laypersons 




                                                      
Figure 6: Comparison of African American and white profiles.
49
 
It has also been described that in females a bimaxillary alveolar protrusive profile with thicker 
lips is generally preferred, and in males the bimaxillary retrusive profile with flat lips and a 
prominent chin is preferred.
50
  A study was completed in various regions of Turkey to try and 
determine the most esthetic facial profiles.
51
 However, there was significant difference in the 
measurements between the various regions and it was concluded that the search for universal 
standards of facial profiles is inconclusive.
51 
 It is important to research the facial norms of 
differing geographical areas.     
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CHAPTER 3: MATERIALS AND METHODS 
IRB APPROVAL  
Approval for expedited research was obtained from West Virginia University Institutional 
Review Board prior to the start of this study (See Appendix A).   
SAMPLE DESCRIPTION 
There were 30 photographed subjects and 32 raters in this study.  The raters included 6 male 
orthodontic faculty/residents, 6 female orthodontic faculty/residents, 10 male non-orthodontic 




 Caucasian female 
 18-30 years of age 
Exclusion Criteria 
 Craniofacial abnormalities 
 Severely rotated maxillary incisors 






 Male or female West Virginia University School of Dentistry orthodontic faculty or 
resident 
 Male or female non-orthodontic professional  
 HIPAA training 
 
RESEARCH DESIGN 
Part 1: Recruiting subjects and obtaining consent 
Caucasian females that presented to the WVU School of Dentistry Orthodontic Department for 
an appointment or that accompanied patients to his/her appointment that were not currently 
receiving active orthodontic treatment and had no orthodontic appliances on the facial surfaces 
of the dentition were randomly recruited to be photographed for the study. The purpose, design, 
and potential risks of the study were briefly explained to the prospective subjects.  The 
prospective subjects were given the opportunity to read the Informed consent with HIPAA form 
and ask questions. Once the subject agreed to participate the informed consent was signed.  
The prospective raters included non-orthodontic professionals with previous HIPAA training.  
The purpose, design, and potential risks of the study were briefly explained to the perspective 
raters.  The perspective raters were given the opportunity to read the Informed consent without 
HIPAA form and ask questions. The raters were informed that they would be seeing facial 
photographs and the identity of the photographed subjects must remain confidential.  Once the 




Part 2: Capturing the photograph 
A laser level was used to project lines parallel and perpendicular to the floor.  The lines were 
transferred to a black canvas using white twine that was attached to the sides of the canvas.   
 
Figure 7: Black canvas with twine and laser level. 
The photographed subject was positioned in front of the black canvas in adjusted natural head 
posture facing anatomic left.  The camera was placed on a tripod that was level to the floor and 
positioned 4 feet from the canvas.  The camera was sited perpendicular to the wall at the 
maxillary incisor to avoid parallax. A millimeter ruler was projected from the wall.  The ruler 
was then adjusted to align with the subject’s midsagittal plan. This was achieved by measuring 
the distance from the canvas to subject’s midsagittal plan and adjusting the ruler to be the same 









Figure 8: Adjustable millimeter ruler projected from canvas. 
The photographs were captured using a Canon Rebel SL1 with a 0.25m macro lens with flash. 
The subject was asked not to smile and an image was captured.  The subject was asked to smile 
and a second image was captured.  
 
Part 3: Measuring AP position of the maxillary incisor relative to Glabella Vertical 
Images were uploaded to Microsoft PowerPoint
TM
.  In PowerPoint, a vertical line parallel to the 
vertical line on the canvas was added. The line was positioned tangent to the subject’s soft tissue 







Figure 9: Adding Glabella Vertical. 
A magnified, focused photograph of the ruler was taken.  An “electronic ruler” was fabricated in 
Microsoft PowerPoint
TM
 by adding lines in 1 mm intervals that correspond to the marks on the 
ruler. 
 
Figure 10: Developing electronic ruler. 
 The “electronic ruler” was then placed on the smiling photographs and calibrated using the two 











Figure 11: Calibrating electronic ruler. 
The “electronic ruler” was then positioned on the FA point of the maxillary incisors.  The 












Part 4: Editing the photographs 
The smiling and repose photographs were digitally edited by cropping out the ruler and vertical 
lines on the canvas.  The photographs were also altered to be black and white. The images were 
randomly numbered and saved in a PowerPoint presentation on a USB drive.  
 
Figure 13: Edited repose (left) and smiling (right) profile images. 
 
Part 5: Rating the photographs 
The raters included 6 male orthodontic faculty/residents, 6 female orthodontic faculty/residents, 
10 non-orthodontic male professionals, and 10 non-orthodontic female professionals.  Raters 
were shown the photographs in the WVU Orthodontic conference room.  Each of the 60 
photographs (30 smiling and 30 repose) was projected on the television screen for 15 seconds. 
The rater was given a packet of paper which included 60 – 100mm Visual Analog Scales. The 
raters were informed that they were to evaluate the attractiveness of the profiles, particularly the 
area of the mouth in the smiling and repose photographs and mark on “X” on the line 
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corresponding to the rated attractiveness. Additionally, for each of the 30 smiling lateral 
photographs the raters were shown the same 30 smiling photographs for an additional 15 seconds 
and asked to circle if they would prefer the upper front teeth to stay in the current position, come 
forward, or move backward.  
 
Figure 14: Visual analog scale 
Part 6: Recording Data 
Each of the visual analog scales was measured using a millimeter ruler, with zero being placed 
on the left end of the line closest to least attractive.  The measurements were then recorded and 
entered into a Microsoft Excel
TM
 workbook.  
Part 7: Statisical Analysis 
  All statistical tests were conducted using SAS (version 9.4, 2013, SAS institute Inc, Cary, NC).  
To examine the effect of profile view (repose and smiling) on the subject’s perceived 
attractiveness; each subject’s ranking scores were analyzed separately since it was assumed there 
is a difference in individual facial attractiveness. A mixed model analysis was performed to 
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evaluate the effects of profile view (repose vs. smile), panel (orthodontist vs. non orthodontist), 
gender (male vs. female), and rater nested within panel on perceived attractiveness.  Rater was 
considered as a random effect and all others as fixed effects. The interaction between panel and 
view and between gender and view were also added to the model as the focus was on the effect 
of the view and the two interaction term. Tukey’s test was performed for multiple comparisons 
after a significant interaction effect. A paired t-test was conducted to examine the difference in 
facial attractiveness ranking scores between the repose and smiling profile.   The mean 
difference in facial attractiveness between orthodontists and non-orthodontists, males and 
females was examined using a two sample t-test. 
To examine the effect of the AP position of the maxillary incisor on perceived attractiveness, 
only the attractiveness ranking scores for the smiling profile was used analyzing all subjects’ 
ranking scores together. The mixed model analysis was performed to evaluate the effects of AP 
incisor position (green vs. black vs. red), panel (orthodontist vs. non-orthodontist), gender (male 
vs. female), rater nested within panel and subject on perceived attractiveness.  Rater and subject 
were treated as two random effects and all others as fixed effects.  The interaction between panel 
and AP incisor position and between gender and AP incisor position were also incorporated in 
the model. Tukey’s test for multiple comparisons after a significant interaction effect was 
utilized. To compare the mean difference in attractiveness ranking scores among different AP 
incisor positions for individual raters, a one way analysis of variance (ANOVA) test was used 
and Tukey’s test was performed for multiple comparisons after a significant test result. 
To analyze the association between AP incisor position and raters’ opinion on whether the teeth 
should be moved backward, forward or stay the same, chi-square analysis was used. The 
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Cochran-Mantel-Haenszel statistic was also utilized to determine the association between AP 
incisor position and raters’ opinion adjusted for different strata. 
All statistical tests were two-sided and p-values<.05 were considered statistically significant. 
 
CHAPTER 4: RESULTS 
DATA COLLECTION 
The random sample of photographed subjects included 18 subjects with category black 
(retrognathic) maxillary incisors, 4 subjects with category green (orthognathic) maxillary 
incisors, and 8 subjects with category red (prognathic) maxillary incisors.  The subjects’ incisor 
position relative to Glabella Vertical ranged from B13 (13 mm posterior to Glabella Verical) to 
R8 (8 mm anterior to Glabella Vertical).  
Table 1: Photographed subjects and category distribution. 
Category No. of subects 
Black (Retrognathic) 18 
Green (Orthognathic) 4 
Red (Prognathic) 8 
 
JUDGED ATTRACTIVENESS OF SMILING AND REPOSE  
In 15 out of the 30 subjects there was a statistically significant difference between the mean 
repose ranked VAS scores and the mean smiling ranked VAS scores. (See Table 2 below.) In 5 
of the subjects the mean repose ranked VAS score was statisically significantly higher that that 
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the mean smiling VAS score.  These 5 subjects were catergorized as R1, R4, R2, B9, and B9 in 
relation to Glabella Vertical. In 10 of the subjects the mean repose ranked VAS score was 
statistically significantly lower that the mean smiling ranked VAS score.  Additionally, 3 out of 4 
of the subjects catagorized as G (green) in relation to Glabella Vertical had a statisically 
significant higher mean smiling ranked VAS score when compared to their mean repose ranked 
VAS score.  




Category             REPOSE SMILE p-value 
MEAN SD MEAN SD  
1 1 R 46.4 13.6 21.1 14.9 <.0001* 
5 -8 B 17.8 13.6 42.1 14.6 <.0001* 
6 -1 B 8.8 7.1 22.6 13.6 <.0001* 
8 -9 B 37.1 16.1 27.1 15.7 0.03* 
11 4 R 12.7 10.0 5.6 4.4 <.0001* 
13 -9 B 35.6 15.3 14.0 14.9 <.0001* 
15 -6 B 42.0 12.7 47.9 10.4 .04* 
16 2 R 42.3 15.2 35.6 11.8 .04* 
20 0 G 27.0 17.7 40.0 14.2 <.0001* 
22 -2 B 16.5 10.4 27.5 11.3 .0005* 
24 -3 B 20.4 9.2 37.8 14.8 <.0001* 
25 -2 B 19.3 14.6 46.6 13.7 <.0001* 
27 8 R 30.0 15.1 37.0 13.5 .01* 
28 0 G 26.5 16.2 38.1 12.8 .002* 









Figure 15:  Smiling and repose mean ranked VAS score. 
 
 
JUDGED ATTRACTIVENESS COMPARING ORTHODONTISTS AND NON-
ORTHODONTIC PROFESSIONALS 
When comparing the mean smiling VAS score of the orthodontists and non-orthodontic 
professionals there was no statistically significant difference in 20 out of 30 of the photographed 
subjects.  In 7 of the photographed subjects the smiling profile was rated statistically 
significantly higher by the non-orthodontic professionals when compared to the orthodontist.  
Interestingly, all 7 of the subjects were categorized as having a black (retrognathic) maxillary 






























higher by the orthodontist; 2 of the 3 subjects were categorized as having a green (orthognathic) 
maxillary incisor.    






Category             Orthodontist Non-orthodontist P 
MEAN SD MEAN SD 
1 1 R 47.83 13.97 32.95 17.42 0.02* 
4 -11 B 39.50 11.57 53.50 15.31 0.01* 
5 -8 B 48.08 19.69 67.80 8.32 0.01* 
6 -1 B 31.17 15.52 46.85 13.04 0.005* 
7 -13 B 45.42 21.56 66.20 11.07 0.001* 
19 -6 B 36.42 18.87 47.95 11.96 0.04* 
20 0 G 76.42 16.97 50.65 12.23 <0.0001* 
24 -3 B 47.67 18.90 62.35 13.89 0.02* 
29 -5 B 57.17 17.11 68.65 11.99 0.03* 
30 0 G 73.83 15.18 62.45 11.92 0.02* 
 
 
































JUDGED ATTRACTIVENESS COMPARING MALES AND FEMALES 
In 26 out of  the 30 photographed subjects there was no statistically significant difference in 
judged attractiveness of smiling profile between males and females.  In all 4 photographed 
subjects in which there was a statistically significant difference between the mean VAS score 
between males and females the males rated the subjects significantly less attractive than the 
females rated the photographed subjects.  Although not statistically significant, females judged 
the smiling profile more attractive than males in 22 out of the 30 photographed subjects.  




Category         Male Female  
P MEAN SD MEAN SD 
9 -7 B 49.75 15.19 63.56 13.06 0.01* 
23 -11 B 49.31 13.03 65.81 11.55 0.0007* 
24 -3 B 49.88 18.12 63.81 13.50 0.02* 











Figure 17: Mean smiling VAS scores comparing males and females. 
 
 
Table 5: Multiple comparison for orthodontists and non-orthodontists and profile view. 
Orthodontists Non-Orthodontists 




























Significant p-value for multiple comparison of sex* view interaction 
a
 Repose vs. smile for orthodontists.  
b 
Repose vs. smile for non-orthodontists 
c
 Orthodontists vs. non-orthodontists for repose 
d
 Orthodontists vs. non-orthodontists for smile 
 
Orthodontists as a group judged the repose profile statistically significantly higher than the 
smiling profile, while non-orthodontists as a group judged the smiling profile statistically 
significantly higher than the repose profile. Additionally, orthodontists judged the repose profile 



























judged the smiling profile significantly higher than orthodontists judged the smiling profile (See 
Table 5 above).  
 
JUDGEMENT OF SMILING PROFILE RELATIVE TO AP INCISOR POSITION 
Figure 18: Mean Smiling VAS Score and AP Maxillary Incisor Postion. 
 
 
Table 6: Multiple comparisons for orthodontists and non-orthodontists and maxillary incisor AP position. 
 
Orthodontists Non-orthodontists 







































Significant p-value for multiple comparison of panel*GVP  
a
 Black vs. Green GV position for orthodontists.  
b 
Red vs. Green GV position for orthodontists. 
c
 Red vs. Green GV position for non-orthodontists. 
d
 Red vs. Black GV position for non-orthodontists. 
e 
Orthodontist vs non-orthodontists for Red GV position 
f










































































Maxillary Incisor AP Position 
Mean Smiling VAS Score and AP Maxillary 




Orthodontists judged the subjects with category green maxillary incisors statistically 
significantly higher than the subjects with category red and category black maxillary incisors. 
There is no statistically significant difference between the orthodontists’ judgement of the 
subjects with category black and category red maxillary incisors. Non-orthodontists judged the 
subjects with category red maxillary incisors statistically significantly less than the subjects with 
category black and category green maxillary incisors. However, there was no significant 
difference between the non-orthodontists’ judgement of the subjects with category black and 
category green maxillary incisors.  
AP MAXILLARY INCISOR POSITION AND RATERS OPINION OF THE AP MAXILLARY 
INCISOR POSITION 
Table 7:  Contingency table of AP maxillary incisor category and raters opinion of maxillary incisor 
position. 
 









Black 49.3 44.4 6.3 <0.0001 
Green 68.0 26.6 5.5  
Red 43.1 15.3 41.6  
 
When comparing the AP position of the maxillary incisors and the judges’ opinion of the 
maxillary incisor position the judges as whole (orthodontists and non-orthodontists) preferred the 
category black maxillary incisors stay in the same position 49.3% of the time and move forward 
44.4% of the time. Regarding the category green maxillary incisors, the judges as a whole 
preferred the position of the maxillary incisors be maintained 68.0% of the time. The judges as a 
35 
 
whole preferred the category red maxillary incisors stay in the same position 43.1% of the time 
and move backwards 41.6% of the time.  
 
Table 8:  Contingency table of AP maxillary incisor category and orthodontists and non-orthodontists 
opinions of maxillary incisor position. 
 
Category Orthodontists P Non-orthodontists P 
Same Forward Backward Same Forward Backward 
Black 32.9 65.7 1.4 <0.0001 59.2 31.7 9.2 <0.0001 
Green 79.2 18.8 2.1  61.3 31.3 7.5  
Red 53.1 5.2 41.7  37.1 21.4 41.5  
 
When comparing the opinions of the AP maxillary incisor position of orthodontists and non-
orthodontists, orthodontists preferred that category black incisors move forward 65.7% of the 
time while the non-orthodontists preferred that the category black incisors stay in the same 
position 59.2% of the time. Both groups agreed that they would like the category green incisors 
to stay in the same position the majority of the time. When evaluating category red incisors the 
orthodontists preferred the same position of the incisors 53.1% of the time and preferred that the 
incisors move backwards in 41.7% of the time.  Non-orthodontist preferred the category red 
incisors stay in the same position 37.1% of the time, move forward 21.4% of the time, and move 







CHAPTER 5: DISCUSSION 
DATA COLLECTION AND SAMPLE ANALYSIS 
The study was limited to photographed subjects that were between 18-30 years of age.  This was 
to have a sample population that was non-growing and in an effort to limit the effects of natural 
aging on the profile and facial esthetics. While recruiting subjects to be photographed, it became 
obvious that the majority of subjects in this specific sample population have maxillary incisors 
that are positioned posterior to Glabella Vertical. According to the Six Elements Orthodontic 
Philosophy these subjects would be identified as having a black (retrognathic) maxilla.
30
  
PERCIEVED ATTRACTIVENESS OF REPOSE AND SMILING PROFILES 
The current study aimed to analyze the difference in judged attractiveness of smiling and repose 
profiles of Caucasian females.  The raters were shown the subjects’ smiling and repose profile 
images in random order and instructed to rate the attractiveness of the profiles, paying particular 
attention to the mouth.  Each subject was analyzed independently and in half of the subjects there 
was a significant difference in the perceived attractiveness of the repose and smiling profiles. 
The subjects that had smiling profiles that were rated significantly lower than their repose 
profiles had prognathic (category red) incisors or severely retrognathic (category black) incisors.  
Although not statistically significant, 18 of the 30 subjects had smiling profiles that were judged 
more attractive than their repose profiles.  When studying facial attractiveness, Tatarunaite and 
colleagues found that a smiling facial appearance makes a woman look more attractive.
52
  
Interestingly, Tatarunaite also found that smiling that does not significantly affect the facial 
attractiveness of men.
52
  When comparing the mean ranking scores of the repose and smiling 
profiles orthodontists judged the smiling profiles significantly lower than non-orthodontists 
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judged the smiling profiles.  Previous studies have provided conflicting results as to whether 
orthodontists are more sensitive than laypersons in their judgement of facial attractiveness.
10, 19, 
20, 42
  Interestingly, in the current study orthodontists appear to be more critical of the smiling 
profile, while non-orthodontists frequently prefer the smiling profile over the repose profile.  
Although not statistically significant, the majority of females rated the smiling profiles higher 
than males rated the smiling profiles.  These results could suggest that males are potentially more 
critical of the facial attractiveness of females.   
This study reinforces the opinions of Andrews, Sarver, Ackerman, and Cao that it is important 
for the orthodontist to extensively evaluate both the repose and smiling profile during diagnosis 
and treatment planning.
2, 3, 5, 30, 31
 For example, a patient might have a very attractive repose soft 
tissue profile according to multiple conventional soft tissue analyses, however the patient’s 
appearance from a lateral smiling perspective might be dramatically different.  It has been 
previously determined that soft tissue structures do not reliably convey the positions of the 
underlying hard tissue structures.
1, 27
  The varying attractiveness of the smiling profile of a 
patient might affect the orthodontist’s ultimate treatment plan especially with regards to 
determining whether to alter the AP position of the maxillary incisors through retraction or 
proclination.  From this research it can be suggested that standard orthodontic records should 
include frontal repose, frontal smiling, profile repose, and profile smiling images to be able to 
obtain a more comprehensive diagnosis.  
ESTHETICALLY OPTIMAL AP INCISOR POSITION 
This study was also looking to identify if there is an agreed upon esthetically optimal AP 
position of the maxillary incisors in Caucasian females.  Orthodontists found the subjects with 
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category green maxillary incisors to be rated significantly more attractive than the subjects with 
category black or red maxillary incisors.  Interestingly, the non-orthodontists rated the 
attractiveness of category black and category green incisors very similarly.  Non-orthodontists 
found the subjects with prognathic (category red) incisors had the least attractive smiling 
profiles. These results differ from the results of previous studies by Schlosser and Cao in which 
they found that protusion of the upper anterior teeth was more attractive than retrusion of the 
upper anterior teeth.
31,34
  However, the orthodontists in the current study rated the category red 
incisors slightly more attractive than category black incisors.  These results suggest that 
orthodontists slightly prefer the appearance of a protruded maxillary incisor over the appearance 
of a retruded maxillary incisor, while non-orthodontists significantly prefer the appearance of a 
retruded maxillary incisor over the appearance of a protruded maxillary incisor. 
When raters were shown the subjects with category green incisors a strong majority (68%) of the 
raters liked the AP position of the incisor and preferred the incisor stay in the current AP 
position.  These results support the findings of Will Andrews that the forehead is a useful 
landmark for assessing the facial profile for adult white females as it relates to the AP maxillary 
incisor position.
1
  When non-orthodontists were shown subjects with category black incisors they 
liked the AP position of the incisor the majority (59.2%) of the time and did not want the 
maxillary incisor to move forward. Non-orthodontists appear to find retruded maxillary incisors 
more attractive than orthodontist find retruded maxillary incisors.  These results demonstrate that 
there is a significant difference in the perceived attractiveness of the AP position of the maxillary 
incisor between orthodontists and non-orthodontist.   
Previous studies that evaluated the AP position of the maxillary incisors used one photographed 
subject and digitally altered the AP incisor position.
31,34
  However, this study included multiple 
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photographed subjects with a variety of AP incisor positions and facial profiles.  Additionally, 
Cao’s study included an Asian female, which might have some effect on the difference in 
opinion of the esthetically optimal AP position of the maxillary incisor.
31
  This study only 
examined Caucasian females.  It should be recognized that these results might not be pertinent 
when evaluating various ethnicities and genders.  Ethnic and racial differences play a major role 
in diversifying esthetic preferences.
11
 
A potential limitation of the study that must be addressed is when asking raters to judge the 
attractiveness of the profiles of photographed subjects while paying particular attention to the 
mouth; it becomes obvious that there are many other facial features that might affect the raters’ 
opinion of facial attractiveness.  The subject with the highest rated facial attractiveness from a 
lateral smiling prospective had maxillary incisors position 6mm posterior to Glabella Vertical 
(B6).  It is important to recognize that research has revealed that facial attractiveness does not 
depend on any single feature.
52
  The rater’s judgement might have been influenced by multiple 
confounding variables such as the subject’s hair, complexion, make up, the size and contour of 
the nose and chin.  While interpreting the results of this study it is important to acknowledge that 
it could have been a difficult task for the raters to judge facial attractiveness while focusing 
specifically on the mouth. 
Utilizing the facial plane Glabella Vertical appears to be a relatively straightforward and 
effective method for evaluating and quantifying the AP position of maxillary incisors.
6 
Positioning a patient in adjusted natural head posture and capturing a photograph with the 
vertical line and the millimeter ruler can be easily incorporated into an orthodontist’s treatment 
planning process.  This process could be especially useful for determining the optimal AP 
position of the maxilla during orthognathic surgical treatment planning.  
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NULL HYPOTHESIS TESTING. 
1. REJECTED: There was a significant difference in the judged attractiveness of 
photographed subjects based on their smiling profiles versus their repose profiles. 
2. REJECTED:  Orthodontists judged subjects with category green incisors most attractive. 
Non-orthodontists judged subject with category green and category black incisors most 
attractive.  
CLINICAL IMPLICATIONS 
It is well known that one of the motivating factors for a patient to undergo orthodontic treatment 
is to improve his or her dental esthetics while enhancing his or her dentofacial appearance.
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In order for the orthodontist to completely address the patient’s dentofacial appearance the 
orthodontist must thoroughly evaluate the patient from multiple perspectives.  This research 
suggests including a smiling profile image as part of every patient’s initial records.  Using 
Glabella Vertical as a frontal facial plane is a relatively simple and straightforward method to 
assess the AP position of the maxillary incisors. Non-orthodontists find prognathic maxillary 
incisors least attractive.  This might influence an orthodontist to extract on a patient that has 
prognathic maxillary incisors prior to orthodontic treatment.  Additionally, non-orthodontists had 
no significant preference in facial attractiveness between the category green (orthognathic) and 
category black (retrognathic) maxillary incisors.  Orthodontists appear to be more unforgiving of 
the appearance of retruded maxillary incisors.   Regardless, the AP position of the maxillary 
incisors can have a clinically significant effect on the perceived attractiveness of a patient from a 




CHAPTER 6: SUMMARY AND CONCLUSIONS 
SUMMARY 
The aim of this study was to determine if there is a difference in the judged attractiveness of the 
smiling and repose profiles in Caucasian females and to identify if there is an esthetically 
optimal AP position if the maxillary incisors in Caucasian females.   Orthodontists and non-
orthodontists rated the attractiveness of the repose and smiling profile of 30 randomly selected 
Caucasian females 18-30 years old. Statistical analyses were performed for the variables for each 
photographed subject, with multiple subjects displaying statistical significance.   
CONCLUSIONS 
Based on the results of this study, the following conclusions have been reached: 
1.  In some Caucasian females there is a significant difference in the perceived 
attractiveness when comparing repose and smiling profiles. 
2. All patients should be evaluated from a smiling lateral prospective during orthodontic 
treatment planning.  
3. Orthodontists rate maxillary incisors that lie on Glabella Vertical to be significantly more 
attractive than maxillary incisors that lie anterior or posterior to Glabella Vertical. 
4. Non-orthodontists rate maxillary incisors that lie on Glabella Vertical or that lie posterior 
to Glabella Vertical more attractive than maxillary incisors that are positioned anterior to 
Glabella Vertical.  
5. Non-orthodontists appear to be more tolerant of retruded maxillary incisors from a lateral 




CHAPTER 7: RECOMMENDATIONS FOR FUTURE RESEARCH 
RECOMMENDATIONS ON SAMPLE COLLECTION 
The current study could be enhanced by collecting a sample of photographs in which the AP 
position of the maxillary incisor is more evenly distributed.  For example, a sample with 10 
subjects with category black (retrognathic) incisors, 10 subjects with category green 
(orthognathic) incisors, and 10 subjects with category red (prognathic) incisors would be 
beneficial and enhance the statisticial analysis and relability of the results of the study. It would 
be valuable to repeat the study increasing the number of raters to judge the photographs.  
Additionaly, including a larger proportion of orthodontists that are not trained in regularly 
evaluating the the smiling profile could potentially have a significant effect on the results of the 
study.  This study aimed to specifically evaluate Caucasian females however, the study should be 
continued to include and compare various genders and ethnicities to see if there is a difference in 
perceived attractiveness of the AP position of the maxillary incisor.   
RECOMMENDATIONS OF METHODOLOGY 
This research would significantly benefit from developing a method to better limit the effects of 
confounding variables such as hair, complexion, make up, nose, chin, and other facial features on 
the raters’ perception of attractiveness. Ensuring that the raters are only focusing on the position 
of the upper front teeth is one of the difficulties of the current study.  Repeating the study by 
digitally changing the AP position of the maxillary incisors of the photographed subjects might 
alleviate some of the confounding variables.  It would also be advantageous to study how the 
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APPENDIX B – RAW STATISTICS  
Means of ranking scores of view by patient 
Patient GV position             REPOSE SMILE p-value* 
MEAN SD MEAN SD  
1 1 R 46.4 13.6 21.1 14.9 <.0001 
2 -7 B 31.8 17.3 38.5 18.7 .17 
3 -5 B 33.4 14.9 37.1 15.5 .35 
4 -11 B 35.4 16.7 28.9 16.1 .15 
5 -8 B 17.8 13.6 42.1 14.6 <.0001 
6 -1 B 8.8 7.1 22.6 13.6 <.0001 
7 -13 B 34.5 16.1 39.1 17.1 .23 
8 -9 B 37.1 16.1 27.1 15.7 0.03 
9 -7 B 27.8 14.6 35.9 13.7 .05 
10 6 R 13.5 12.5 10.6 13.5 .31 
11 4 R 12.7 10.0 5.6 4.4 <.0001 
12 -3 B 19.0 13.8 21.7 15.7 .45 
13 -9 B 35.6 15.3 14.0 14.9 <.0001 
14 5 R 30.6 12.6 27.0 14.7 .35 
15 -6 B 42.0 12.7 47.9 10.4 .04 
16 2 R 42.3 15.2 35.6 11.8 .04 
17 0 G 33.1 15.2 33.7 15.6 .89 
18 -4 B 25.8 12.0 23.2 11.1 .29 
19 -6 B 26.2 14.2 25.4 14.9 .82 
20 0 G 27.0 17.7 40.0 14.2 <.0001 
21 3 R 21.1 16.9 25.9 14.9 .22 
22 -2 B 16.5 10.4 27.5 11.3 .0005 
23 -11 B 31.8 13.3 38.2 14.6 .08 
24 -3 B 20.4 9.2 37.8 14.8 <.0001 
25 -2 B 19.3 14.6 46.6 13.7 <.0001 
26 1 R 30.1 15.8 32.8 19.7 .46 
27 8 R 30.0 15.1 37.0 13.5 .01 
28 0 G 26.5 16.2 38.1 12.8 .002 
29 -5 B 42.0 14.2 44.2 13.4 .48 
30 0 G 28.3 14.9 47.2 11.0 <.0001 










Means of ranking scores of panel by patient 
Patient GV position             Orthodontist Lay-peopel p-value* 
MEAN SD MEAN SD  
1 1 R 38.71 14.42 30.78 20.92 0.11 
2 -7 B 33.25 19.54 36.25 17.52 0.53 
3 -5 B 30.83 13.87 37.88 15.48 0.07 
4 -11 B 29.42 18.12 33.75 15.64 0.32 
5 -8 B 22.08 12.81 34.63 20.07 0.003 
6 -1 B 11.08 8.80 18.48 14.11 0.01 
7 -13 B 26.08 14.80 43.23 14.27 <0.0001 
8 -9 B 29.38 17.72 33.70 15.82 0.32 
9 -7 B 32.83 11.47 31.28 16.32 0.68 
10 6 R 16.04 16.20 9.65 10.16 0.09 
11 4 R 12.13 11.27 7.35 5.62 0.06 
12 -3 B 21.92 13.85 19.40 15.29 0.51 
13 -9 B 27.50 19.79 23.23 17.79 0.38 
14 5 R 26.75 12.34 30.03 14.53 0.36 
15 -6 B 46.67 11.49 43.90 12.20 0.37 
16 2 R 41.92 12.34 37.15 14.63 0.19 
17 0 G 34.25 14.53 32.90 15.83 0.73 
18 -4 B 27.75 12.24 22.53 10.81 0.08 
19 -6 B 23.42 16.24 27.23 13.24 0.31 
20 0 G 47.50 11.37 25.05 14.44 <0.0001 
21 3 R 27.96 18.81 20.83 13.62 0.08 
22 -2 B 20.88 11.59 22.68 12.52 0.57 
23 -11 B 31.96 15.07 36.78 13.51 0.19 
24 -3 B 23.54 9.89 32.45 16.59 0.009 
25 -2 B 32.92 20.17 32.93 19.61 0.99 
26 1 R 35.25 20.23 29.20 15.95 0.19 
27 8 R 34.25 17.52 33.08 12.82 0.76 
28 0 G 34.42 16.49 31.00 15.14 0.40 
29 -5 B 36.13 15.51 47.28 10.70 0.004 
30 0 G 43.96 16.58 34.03 14.70 0.02 










Means of ranking scores of sex by patient 
Patient GV position         Male Female p-value* 
MEAN SD MEAN SD  
1 1 R 34.09 21.30 33.41 16.78 0.89 
2 -7 B 38.72 18.74 31.53 17.20 0.12 
3 -5 B 36.19 15.59 34.28 14.94 0.62 
4 -11 B 32.97 16.27 31.28 17.16 0.69 
5 -8 B 31.91 18.19 27.94 19.12 0.40 
6 -1 B 17.75 13.58 13.66 11.88 0.20 
7 -13 B 38.78 16.42 34.81 16.83 0.34 
8 -9 B 32.22 18.36 31.94 14.82 0.95 
9 -7 B 27.66 16.07 36.06 11.80 0.02 
10 6 R 10.63 11.30 13.47 14.57 0.39 
11 4 R 10.25 9.02 8.03 7.82 0.30 
12 -3 B 18.38 14.80 22.31 14.58 0.29 
13 -9 B 26.72 18.96 22.94 18.19 0.42 
14 5 R 26.19 12.86 31.41 14.30 0.13 
15 -6 B 42.41 11.26 47.47 12.20 0.09 
16 2 R 37.84 13.85 40.03 14.10 0.53 
17 0 G 32.03 15.60 34.78 15.01 0.48 
18 -4 B 25.38 12.86 23.59 10.22 0.54 
19 -6 B 26.09 15.11 25.50 13.95 0.87 
20 0 G 35.56 17.19 31.38 17.25 0.33 
21 3 R 19.41 15.27 27.59 15.90 0.04 
22 -2 B 25.16 12.39 18.84 11.14 0.04 
23 -11 B 33.63 12.18 36.31 16.04 0.45 
24 -3 B 26.59 14.67 31.63 15.13 0.18 
25 -2 B 34.75 19.18 31.09 20.27 0.46 
26 1 R 32.22 16.97 30.72 18.78 0.74 
27 8 R 36.53 12.12 30.50 16.41 0.10 
28 0 G 28.00 15.27 36.56 14.98 0.03 
29 -5 B 43.91 14.74 42.28 12.80 0.64 
30 0 G 36.50 14.96 39.00 17.22 0.54 









Mixed model analysis of ranking scores by patient. Test of main effects for rater (panel), panel, sex, view, 


















patient F P F P F P F P F P Z P 
1 34.50 <0.0001 7.02 0.01 0.06 0.81 1.15 0.29 0.37 0.55 -1.58 0.11 
2 0.69 0.41 0.49 0.49 2.97 0.10 6.28 0.02 0.13 0.72 -0.33 0.74 
3 0.22 0.64 3.78 0.06 0.30 0.59 3.66 0.07 0.99 0.33 -0.43 0.67 
4 6.30 0.02 1.22 0.28 0.20 0.66 12.04 0.002 0.10 0.76 -0.04 0.97 
5 82.68 <0.0001 12.99 0.001 1.39 0.25 22.29 0.0001 2.82 0.10 1.86 0.06 
6 18.61 0.0002 11.19 0.002 3.66 0.07 6.08 0.02 0.01 0.94 -1.21 0.23 
7 0.49 0.49 22.86 <0.0001 1.31 0.26 5.26 0.03 1.59 0.22 0.04 0.97 
8 7.01 0.01 1.28 0.27 0.01 0.94 2.20 0.15 0.11 0.74 -0.71 0.48 
9 1.91 0.18 0.33 0.57 10.26 0.003 13.58 0.0009 0.004 0.95 -1.36 0.17 
10 0.16 0.69 3.09 0.09 0.65 0.43 7.69 0.01 0.02 0.90 1.48 0.14 
11 25.47 <0.0001 4.51 0.04 1.04 0.32 1.64 0.21 0.004 0.95 1.9 0.06 
12 0.31 0.58 0.38 0.54 1.00 0.33 0.42 0.52 0.10 0.75 0.06 0.95 
13 59.28 <0.0001 0.88 0.36 0.73 0.40 3.91 0.06 1.18 0.29 1.99 0.04 
14 0.99 0.33 1.10 0.30 2.98 0.10 0.06 0.81 2.82 0.10 -1.0 0.32 
15 2.97 0.10 0.84 0.37 3.00 0.09 1.46 0.24 0.61 0.44 0.21 0.83 
16 4.32 0.05 1.53 0.23 0.34 0.56 0.51 0.48 6.17 0.02 1.38 0.17 
17 0.0001 0.99 0.13 0.72 0.57 0.46 0.32 0.58 0.09 0.77 -0.76 0.45 
18 2.60 0.12 2.37 0.13 0.29 0.59 3.13 0.09 6.19 0.02 2.01 0.04 
19 0.71 0.41 0.87 0.36 0.02 0.88 5.74 0.02 1.05 0.31 1.18 0.24 
20 16.96 0.0003 53.42 <0.0001 1.98 0.17 0.88 0.36 0.09 0.76 0.15 0.88 
21 1.89 0.18 3.24 0.08 4.55 0.04 0.46 0.50 1.07 0.31 0.03 0.97 
22 11.70 0.002 0.52 0.48 6.78 0.01 5.29 0.03 0.01 0.91 -0.51 0.61 
23 2.44 0.13 1.91 0.18 0.63 0.43 4.07 0.05 10.06 0.004 0.61 0.54 
24 36.01 <0.0001 9.06 0.01 3.08 0.09 11.16 0.002 0.77 0.39 0.81 0.42 
25 47.52 <0.0001 <0.0001 1.00 1.16 0.29 1.87 0.18 1.46 0.24 -0.39 0.70 
26 0.28 0.60 1.24 0.27 0.08 0.78 0.50 0.48 0.20 0.66 1.76 0.08 
27 6.59 0.02 0.07 0.79 1.96 0.17 0.15 0.70 0.24 0.63 2.11 0.03 
28 8.47 0.007 0.87 0.36 5.81 0.02 15.78 0.0004 0.27 0.61 1.09 0.28 
29 0.04 0.83 9.74 0.004 0.22 0.64 4.25 0.04 0.41 0.53 1.04 0.30 








Adjusted multiple comparison of Least Square (LS) means of ranking scores for patients with significant 
panel * view interaction  
 ORTHODONTIST LAYPEOPLE 










Std Err LS MEAN Std Err LS 
MEAN 
Std Err LS 
MEAN 
Std Err 
2 37.1 5.0 29.4d 5.0 28.6b 3.9 43.9bd 3.9 
4 41.3a 4.4 17.6ad 4.4 31.9 3.4 35.7d 3.4 
5 16.9a 3.3 27.3ad 3.3 18.3b 2.6 51.0bd 2.6 
6 8.5 2.8 13.7d 2.8 9.0b 2.2 28.0bd 2.2 
7 28.9 4.0 23.3d 4.0 37.9b 3.1 48.5bd 3.1 
9 36.9c 3.5 28.8d 3.5 22.3bc 2.7 40.3bd 2.7 
10 12.8 3.6 19.3d 3.6 14.0b 2.8 5.4bd 2.8 
19 28.7a 4.1 18.2ad 4.1 24.7 3.2 29.8d 3.2 
22 19.3 2.9 22.4d 2.9 14.8b 2.3 30.6bd 2.3 
24 20.2 3.1 26.9d 3.1 20.6b 2.4 44.3bd 2.4 
28 36.0c 3.7 32.8 3.7 20.8bc 2.9 41.3b 2.9 
29 38.8 3.7 33.4d 3.7 44.0 2.8 50.6d 2.8 
Significant p-value for multiple comparison of panel * view interaction 
a
 Repose vs. smile for orthodontist.  
b
Repose vs. smile for laypeople 
c
Orthodontist vs. laypeople for repose 
d














Adjusted multiple comparison of Least square (LS) means of ranking scores for patients with significant 
sex * view interaction  


























16 38.0 3.4 38.9 3.4 47.2b 3.4 34.0b 3.4 
18 25.1 2.8 26.9 2.8 28.7b 2.8 19.8b 2.8 
23 35.4 3.3 30.7d 3.3 28.5b 3.3 42.9bd 3.3 
30 32.0a 3.0 43.5ad 3.0 27.9b 3.0 52.5bd 3.0 
Significant p-value for multiple comparison of sex* view interaction 
a
 Repose vs. smile for orthodontist.  
b
Repose vs. smile for laypeople 
d























GV Position  
 
p-value* 
Black Green Red 
MEAN SD MEAN SD MEAN SD 
1 33.72 16.16 35.75 20.69 18.38 17.60 0.10 
2 30.78 18.53 46.00 11.40 28.50 17.47 0.25 
3 25.44a 16.58 54.75ab 2.87 22.88b 14.67 0.004 
4 26.00 12.45 38.00 19.25 32.38 19.89 0.32 
5 20.83a 16.29 45.50a 14.11 35.25 15.13 0.01 
6 31.78 16.62 39.75 13.23 20.88 20.65 0.18 
7 23.67 14.00 43.50 18.84 25.50 20.20 0.11 
8 23.83 16.81 41.00 17.57 32.75 18.71 0.17 
9 18.28ac 11.13 51.25a 8.77 38.38c 17.88 0.0001 
10 20.94 13.09 27.75 22.29 26.38 18.07 0.60 
11 43.61 13.05 47.25 12.50 29.75 21.60 0.09 
12 36.72c 16.52 32.50 6.35 16.13c 15.25 0.01 
13 35.39 19.40 48.50b 8.96 21.25b 15.77 0.05 
14 37.17 18.79 45.75 13.35 22.75 17.09 0.08 
15 33.28 16.09 32.00 16.57 23.50 18.77 0.40 
16 43.72c 14.30 42.00 8.29 25.13c 15.64 0.01 
17 35.67c 18.35 25.75 15.26 12.13c 10.16 0.008 
18 33.72 15.86 35.00 12.83 24.50 19.91 0.40 
19 28.39 18.51 38.75 20.85 28.25 17.24 0.58 
20 34.61c 18.66 39.75b 24.57 10.88bc 7.00 0.007 
21 38.78c 15.53 29.75 6.18 17.00c 15.53 0.007 
22 37.78c 15.49 35.25 19.16 15.25c 16.02 0.009 
23 37.67 16.07 36.25 10.34 23.25 16.62 0.11 
24 30.78 19.17 33.00 17.20 22.50 15.28 0.50 
25 43.28c 12.94 45.50b 7.55 23.50bc 18.71 0.007 
26 44.56c 11.21 45.25b 11.59 22.13bc 18.42 0.002 
27 41.89 14.75 35.75 11.79 35.88 18.15 0.58 
28 41.06 17.57 46.00 8.64 26.00 18.85 0.09 
29 30.00 20.19 38.50 9.88 17.38 14.70 0.13 
30 40.94 13.64 30.25 7.89 27.63 20.58 0.11 
31 27.83 15.52 42.75 10.40 21.25 12.34 0.07 
32 30.17 12.99 42.50 15.07 35.13 19.27 0.32 
*p-value from ANOVA test 
Significant p-value for multiple comparison of GV position 
a
 Black vs. Green position.  
b 
Green vs. Red position 
c




Mixed model analysis of ranking scores for all patients. Test of main effects for rater (panel), panel, sex, 
view, panel* view, sex *view interaction 
source NDF DDF F Pr>F 
Fixed Effect     
View 1 1856 10.45 0.0012 
Panel 1 29 1.75 0.1963 
Sex 1 29 1.43 0.2410 
Panel*View 1 1856 43.50 <0.0001 
Sex*View 1 1856 0.14 0.7072 
   Z Pr>Z 
Random Effect     
Rater(Panel)   -30.25 <0.0001 
Patient   3.60 0.0003 
 
Table 9 Multiple comparison for Panel*View interaction 
Orthodontist Lay-people 




























Significant p-value for multiple comparison of sex* view interaction 
a
 Repose vs. smile for orthodontist.  
b 
Repose vs. smile for laypeople 
c
 Orthodontist vs. lay-people for repose 
d












Mixed model analysis of ranking scores for all patients. Test of main effects for rater (panel), patient, 
panel, sex, GVP , panel* GVP, sex *GVP  interaction 
source NDF DDF F Pr>F 
Fixed Effect     
GVP 2 27.2 3.22 0.0555 
Panel 1 40.7 0.07 0.7862 
Sex 1 40.7 0.17 0.6828 
Panel*GVP 2 895 42.98 <0.0001 
Sex*GVP 2 895 1.56 0.2116 
     
   Z Pr>Z 
Random Effect     
Rater(Panel)   2.18 0.0291 
Patient   3.46 0.0005 
GVP=GV position 
 
Multiple comparison for Panel*GV position interaction 
Orthodontist Lay-people 






































Significant p-value for multiple comparison of panel*GVP  
a
 Black vs. Green GV position for orthodontist.  
b 
Red vs. Green GV position for orthodontist. 
c
 Red vs. Green GV position for lay-people. 
d
 Red vs. Black GV position for lay-people. 
e 
Orthodontist vs Lay-people for Red GV position 
f









Means of rating scores for smile by patient 
Patient GV Position MEAN SD 
1 1 R 38.53 17.58 
2 -7 B 59.09 22.58 
3 -5 B 56.56 17.93 
4 -11 B 48.25 15.45 
5 -8 B 60.41 16.55 
6 -1 B 40.97 15.79 
7 -13 B 58.41 18.56 
8 -9 B 46.69 18.28 
9 -7 B 56.66 15.60 
10 6 R 26.66 18.99 
11 4 R 22.19 11.98 
12 -3 B 40.53 19.70 
13 -9 B 32.97 18.36 
14 5 R 46.97 16.23 
15 -6 B 67.53 14.22 
16 2 R 54.22 13.86 
17 0 G 52.03 18.41 
18 -4 B 43.38 12.99 
19 -6 B 43.63 15.69 
20 0 G 60.31 18.83 
21 3 R 44.88 16.77 
22 -2 B 45.94 13.40 
23 -11 B 57.56 14.73 
24 -3 B 56.84 17.24 
25 -2 B 64.66 14.92 
26 1 R 52.59 19.98 
27 8 R 55.97 15.18 
28 0 G 56.91 16.18 
29 -5 B 64.34 14.97 












Means of rating scores (smile) of panel by patient 
Patient GV position             Orthodontist Lay-people p-
value* MEAN SD MEAN SD 
1 1 R 47.83 13.97 32.95 17.42 0.02 
2 -7 B 51.50 22.54 63.65 21.90 0.14 
3 -5 B 52.00 19.31 59.30 16.96 0.27 
4 -11 B 39.50 11.57 53.50 15.31 0.01 
5 -8 B 48.08 19.69 67.80 8.32 0.01 
6 -1 B 31.17 15.52 46.85 13.04 0.005 
7 -13 B 45.42 21.56 66.20 11.07 0.001 
8 -9 B 41.67 20.79 49.70 16.41 0.23 
9 -7 B 51.08 16.87 60.00 14.17 0.12 
10 6 R 34.67 26.22 21.85 11.19 0.13 
11 4 R 25.50 14.57 20.20 10.00 0.23 
12 -3 B 43.00 19.36 39.05 20.24 0.59 
13 -9 B 33.25 15.68 32.80 20.18 0.95 
14 5 R 46.83 20.70 47.05 13.48 0.97 
15 -6 B 71.75 17.76 65.00 11.37 0.20 
16 2 R 59.17 16.06 51.25 11.81 0.12 
17 0 G 53.25 20.19 51.30 17.76 0.78 
18 -4 B 45.58 14.13 42.05 12.45 0.47 
19 -6 B 36.42 18.87 47.95 11.96 0.04 
20 0 G 76.42 16.97 50.65 12.23 <0.0001 
21 3 R 51.67 21.42 40.80 12.10 0.08 
22 -2 B 41.50 15.10 48.60 11.88 0.18 
23 -11 B 51.17 14.10 61.40 14.06 0.06 
24 -3 B 47.67 18.90 62.35 13.89 0.02 
25 -2 B 64.00 18.22 65.05 13.05 0.85 
26 1 R 56.33 24.47 50.35 17.04 0.42 
27 8 R 58.67 20.33 54.35 11.37 0.45 
28 0 G 55.08 23.95 58.00 9.58 0.69 
29 -5 B 57.17 17.11 68.65 11.99 0.03 
30 0 G 73.83 15.18 62.45 11.92 0.02 










Means of rating scores (smile) of sex by patient 
Patient GV position         Male Female  
P-
value* 
MEAN SD MEAN SD 
1 1 R 34.00 16.74 43.06 17.73 0.15 
2 -7 B 61.50 25.24 56.69 20.11 0.56 
3 -5 B 58.00 18.81 55.13 17.49 0.66 
4 -11 B 46.19 13.41 50.31 17.44 0.46 
5 -8 B 59.13 15.93 61.69 17.58 0.67 
6 -1 B 40.50 17.24 41.44 14.74 0.87 
7 -13 B 55.50 19.90 61.31 17.26 0.38 
8 -9 B 44.44 22.79 48.94 12.66 0.50 
9 -7 B 49.75 15.19 63.56 13.06 0.01 
10 6 R 23.63 15.41 29.69 22.10 0.38 
11 4 R 23.06 10.31 21.31 13.73 0.69 
12 -3 B 38.69 19.82 42.38 20.04 0.60 
13 -9 B 33.50 21.77 32.44 14.90 0.87 
14 5 R 44.63 17.62 49.31 14.90 0.42 
15 -6 B 62.94 11.59 72.13 15.44 0.07 
16 2 R 54.63 8.78 53.81 17.88 0.87 
17 0 G 49.38 17.82 54.69 19.18 0.42 
18 -4 B 45.00 13.69 41.75 12.48 0.49 
19 -6 B 43.63 15.75 43.63 16.16 1.00 
20 0 G 59.81 19.81 60.81 18.43 0.88 
21 3 R 40.50 16.76 49.25 16.10 0.14 
22 -2 B 46.38 11.21 45.50 15.66 0.86 
23 -11 B 49.31 13.03 65.81 11.55 0.0007 
24 -3 B 49.88 18.12 63.81 13.50 0.02 
25 -2 B 61.25 12.59 68.06 16.63 0.20 
26 1 R 50.31 19.85 54.88 20.49 0.53 
27 8 R 57.25 11.05 54.69 18.72 0.64 
28 0 G 50.56 15.47 63.25 14.69 0.02 
29 -5 B 63.56 18.44 65.13 11.03 0.77 
30 0 G 60.38 13.28 73.06 12.32 0.01 





















B 49.3 44.4 6.3 <0.0001 
G 68.0 26.6 5.5  
R 43.1 15.3 41.6  
*p-value for Chi-square analysis  
 
 
Contingency table of GV position by Opinion by Panel 
 GV 
Position 
Orthodontist  P-value* Lay-people P-
value* Stay Forward Backward Stay Forward Backward 
B 32.9 65.7 1.4 <0.0001 59.2 31.7 9.2 <0.0001 
G 79.2 18.8 2.1  61.3 31.3 7.5  
R 53.1 5.2 41.7  37.1 21.4 41.5  




Contingency table of GV position by Opinion by Panel 








Panel S F B S F B S F B 
Orthodontist 32.9 65.8 1.4 <0.0001 79.2 18.8 2.1 <0.09 53.1 5.2 41.7 0.001 
Lay-people 59.2 31.7 9.2 61.3 31.3 7.5 37.1 21.4 41.5 








APPENDIX C – VISUAL ANALOG SCALE & SURVEY SAMPLE 
PART I: Instructions: You will be shown 30 smiling and 30 nonsmiling profile photographs for 
15 seconds each and asked to judge the attractiveness of the profiles, particularly the area of 
the mouth from “least attractive” (0) to “most attractive” (100).  You will mark an “X” on the 
line below to represent where the subject falls on the scale of least to most attractive. 
#1 
     “Least Attractive”    ____________________________________________ “Most Attractive” 
 
#2 
    “Least Attractive”    ____________________________________________ “Most Attractive” 
 
#3 
     “Least Attractive”    ____________________________________________ “Most Attractive” 
 
#4 
     “Least Attractive”    ____________________________________________ “Most Attractive” 
 
 
PART II: Instructions: You will be shown 30 smiling profile photographs in random order for 
15 seconds each and asked whether you would prefer the upper front teeth to stay in the 
same position, move forward, or move backward.  Please circle the corresponding option for 
each photograph.  
#1    Would you like the position of the upper front teeth to: 
 Stay the same   Move forward   Move backward 
#2    Would you like the position of the upper front teeth to: 
 Stay the same   Move forward   Move backward 
